Effects of amino acid chirality and the chemical linker on the cell permeation characteristics of cyclic prodrugs of opioid peptides.
Previously, our laboratory showed that the oxymethyl-modified coumarinic acid (OMCA) cyclic prodrug of the opioid peptide DADLE ([D-Ala2,D-Leu5]-Enk, H-Tyr-D-Ala-Gly-Phe-D-Leu-OH) exhibited low permeation across both the intestinal mucosa and the blood-brain barrier (BBB). This low cell permeation arose from its strong substrate activity for efflux transporters in these biological barriers. In an attempt to determine whether the chirality of the amino acid asymmetric centers could influence the solution structure of the cyclic prodrugs and thus their substrate activities for efflux transporters, we synthesized cyclic prodrugs of the opioid peptides H-Tyr-Ala-Gly-Phe-D-Leu-OH ([Ala2,D-Leu5]-Enk), H-Tyr-D-Ala-Gly-Phe-Leu-OH ([D-Ala2,Leu5]-Enk), and H-Tyr-Ala-Gly-Phe-Leu-OH ([Ala2,Leu5]-Enk). In an attempt to determine whether the chemical linker (OMCA) bestowed efflux substrate activity on the cyclic prodrugs, we synthesized capped linear derivatives (acetylated on the N-terminal and amidated on the C-terminal end) of [Ala2,D-Leu5]-Enk, [D-Ala2,Leu5]-Enk, and [Ala2,Leu5]-Enk. The solution conformations of the cyclic prodrugs were determined by molecular dynamics simulations using two-dimensional NMR data. The physicochemical properties (molecular surface area, polar surface area, and cLogP) were estimated computationally using Sybyl. Cell permeation characteristics were assessed using Caco-2 cells in the presence and absence of known inhibitors of efflux transporters. Despite apparent differences in their solution conformations and their physicochemical properties, the cyclic prodrugs of DADLE, [Ala2,D-Leu5]-Enk, [D-Ala2,Leu5]-Enk, and [Ala2,Leu5]-Enk all exhibited strong substrate activity for efflux transporters in Caco-2 cells. In contrast, the capped linear derivatives of [Ala2,D-Leu5]-Enk, [D-Ala2,Leu5]-Enk, and [Ala2,Leu5]-Enk exhibited very poor substrate activity for efflux transporters in Caco-2 cells. Therefore, the substrate activities of the cyclic prodrugs for efflux transporters in Caco-2 cells and in the intestinal mucosa and the BBB in vivo are most likely due to the chemical linker used to prepare these molecules and/or its effect on solution structures of the prodrugs.